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THE  CONDUCTANCE  OF  CERT  AIM   ALKALI  METALS  IN  LIQUID 

A  AM)   IN  MSTHYLAMINB 


The  photornetrio  investigation  by  Gibson  and  Argo     of 
the  blue  solutions  of  several  alkali  and  alkaline  earth 
metals   in  liquid  ammonia  and  in  methylamine  led  to  identical 
absorption  curves  in  liquid  ammonia,  but  to  more  complex 
ones   in  methyl  amine.     The  hypothesis  was  advanced  that  in 
liquid  ammonia  the  dissociation  of  the  metal  into   electrons 
is  nearly  complete,    and  that  the   solvation  of  these  electrons 
is  nearly  complete;   whereas  in  methyl  amine  the  concentration 
of  the  unionized  metal   is  considerable,   and  the  solvation  of 
the  electrons   is   incomplete.     The  most  promising  method  of 
studying  the  interesting  questions  of  ionization  and   solvation 
appeared  to  be  in  determining  the  temperature  coefficients  of 
conductivity  of  the  blue  solutions   in  liquid  ammonia  and  in 

methyl  amine    . 

Since  liquid  ammonia  was  more  available  than  methylamine, 
it  was   used  as   solvent  in  all  earlier  experiments,   and  later 

when  the  manipulation  was  well   established,    solutions   in  methyl- 

amine  were  studied.     While  the  investigation  was   in  progress, 
the  recent  comprehensive  study  by  Eraus2of     conductances  in 

liquid  ammonia  was  published,    and  his  results  are  confirmed  at 
several  points  by  our  own. 

Gibson  and  Argo,   Phys.   Rev.,   1,    53   (1916); 

This   Journal,   40,   1327    (1916). 
2 

Kraus,   This  Journal,    43,    749    (1921). 
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*    The  side-tube  J     enters  Z  at  a  point  higher  than  that   shown  in 
the  figure. 


Apparatus  and  Manipulation^ 

The   apparatus  shown  diagramatically  in  Fig.   1  is 
constructed,  entirely  of  Pyrex  glass.     Two   small  platinum 
ball  electrodes  B  are  sealed  into   the  upper  part   of  the 
conductivity   arm  B  which  opens  into   A  through  a  constriction 

C.     The  valve  V,   actuated  from  above  "by  use  of  the  taut 

1 
rubber  connection  R1,    separates  A  from  the  waste  reservoir 

W.      There  are  calibrations  at   C  and  at  D;  D  widens  above 
into   Z,  which  carries  the  side  tube  J  through  which  the 
metal  is  to  be  introduced.      The  stirrer  N  is  a  very  slender 
glass  rod,   well  centered  in  the  conductivity  arm,   terminating 
above  in  the  glass-covered  iron  core  U,  which  is  supported, 
when  at  rest,    on  the  ledge  M.     During  an  operation,    a  solenoid 
(not   shown  in  Fig.   1)   equipped  with  an  interrupter  lifts 
and  drops  the  stirrer  at  the  rate  of  about  two  hundred  times 
a  minute.      The   side  tube   J  has  at  the  top  a  ground  glass 
cap  K. 

S  is  a  reservoir  for   storing  the  pure  dry  solvent,    and 
is  surrounded  at  all  times  by  a  well  silvered  Dewar  vessel 
containing  liquid  ammonia.      Q  is  an  auxiliary  reservoir  which 
contains  sodium  or  potassium  for  the  preliminary  drying   of 
the  solvent  when  it  is  first   introduced  into, the  system,   and 
for  subsequent   drying,   should  it  be  necessary.     S  and  Q  are 

1 

A  similar  valve  is  described  by  Kraus,  This  Journal,  36,866(! 
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made  independent  of   each  other  and  of  the  rest  of  the  system 
by  the  vacuum  stopcocks  T,    r   and  P.     Stopcock  H  connects  the 
waste  reservoir  W  and  all  of   the   system  behind  the  valve  Y 
with  the  mercury  pump,   while  G  connects  to  the  pump  all  of 
the   conductivity  cell  proper  up  to  the  stopcock  0?. 

With  the  stirrer  in  its  position  of  rest,   the  volumes  of 
A  and  of  B  to  the  fixed  points  are  accurately  determined  by 
calibration  with  mercury,    and  the  capacity  factor  of  the  cell 
is  determined  in  the  usual  manner  with  CU01  normal  KC1. 

An  operation  is  now  described.     Dry  solvent   is  distilled 
through  P1   and  P  into   Q,   and  allowed  to  remain  there  on  the 
metal  until  thoroughly  dry.     It  is  then  distilled  into   S  throu^ 
R.     With  P,  R  and  T  closed,   Gr  and  H  are  opened  to   the  mercury 

pump,    and  the  conductivity  arm  is  heated  heavily  with  a  flame 

1 
to   r,emove  adsorbed  moisture,   until  a  high  vacuum  is  obtained. 

G  and  H  are  then  closed,   the  cap  K  is  removed,   and  a  cap- 
illary of  the  metal  to  be  studied,   with  its  tip  freshly  broken 
off,    is  lowered  quickly  by  a  wire  into  the  tube  J  to  a  point 
above  the   shoulder  F.      The  cap  K  is  then  replaced  and  the 
vessel  re- evacuated  as  before.     The  metal  is  then  melted  out 

1 

The  spark  produced  by  a  high  frequency  llOv  coil  was   entire- 
ly extinguished.     When  a  similar   condition  prevailed  in  other 
Pyre&j lines,  McLeod  guages  indicated  a  pressure  of  less  than 
0.00001  mm. 
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of  the  capillary  by  gentle  heating  of   J,   and  rests  as  a 
"bright   globule  in  F,   whence  "by  further  heating  it   is 
distilled,   in  whole  or  in  part  as   desired,    into   the 
wider  tube  Z  where  it  appears   as  a  bright  mirror  on  the 
walls  of  the  glass.     Potassium  and  caesium  distill  very 
rapidly,  and   even  sodium  distills  quite  readily  in  a  very 
high  vacuum.       The  slight   amount  of   oxide  which  accompanied 
the   introduction  of   the    capillary  remains  in  F  throughout 
the  run,   and  solvent   is  never   condensed  on  it. 

G  and  H  are  then  closed,   and  the  conductivity  cell 
is  surrounded  by  a  bath   of  boiling  liquid  ammonia  with  its 
level  at  Z.     Dry  solvent   is  then  distilled  through  T  from 
the  reservoir  S,   and  the  metal  is   completely  washed  down 
into  A  and  B  until  the  blue  solution  fills  the  vessel  from 
the  valve  up  to  a  point   in  D.      Stirring  is  continued  till 
the   conductivity  reaches  a  constant  value,  when  the  volume 
is  read  with  the  stirrer  at  rest. 

To  make  a  dilution,    the  bath  is  lowered  away  for  a 
moment  till  its  level  is  at  0,    and  the  valve  is   slightly 
unseated  by  upward  tension  at  H1    until  the  level  of  the 
blue  solution  has  fallen  to   0.  With  a  well  ground  valve 
this  regulation  is  very  accurate.     The  bath  is  then  replaced 
and  fresh  solvent   distilled  in  as  before,   with  the  stirrer 
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operating  all  the  while.   At  the  end  of  a  run,  which  rarely 

required  more  than  two  hoars,  stopcocks  H,  P  and  R  are 
opened  and  the  solvent  is  returned  by  distillation  from 
the  "blue  solution  in  W  to  S,  leaving  In  W  all  the  metal  which 

was  originally  present  in  the  first  solution.  With  the 
solvent  isolated  in  S,  the  last  trace  of  solvent  is  removed 
from  the  metal  by  evacuation  and  by  slight  warming  of  W. 

The  tip  Y  is  then  broken,  and  the  metal  is  oxidized  by  a 
stream  of  moist  air  admitted  at  P1.  W  is  then  washed  out  tho- 
roughly, the  solution  is  evaporated  to  a  small  volume  to  remove 

ammonia,  and  the  solution  is  titrated  with  0.1  normal  HC1,  with 

1 
methyl  orange  as  an  indicator.   All  necessary  data  are  now  at 

hand  for  the  calculation  of  volume-normal  concentrations  and 
specific  and  molecular  conductivities. 

f  o  prepare  the  vessel  for  another  run,  the  empty  capillary 
X  is  withdrawn  and  the  vessel  filled  through  J  down  as  far  as 
the  valve  with  cleaning  mixture,  which  is  then  heated  and  allowed 
to  stand  in  the  vessel  for  several  minutes.  It  is,  forced  out 
by  way  of  V  through  Y,  and  followed  by  many  changes  of  dis- 
tilled water,  which  is  removed  in  the  same  way.  Finally,  with 
the  valve  clamped  open,  the  vessel  is  dried  thoroughly  by  a 
stream  of  warm  air  coming  from  P1  and  from  E.     The  tips 
y  ard  P1  ar   seald  off  and,  tha  avao- 


1 

Alcohol  v*a  :•_  not  used  on  account  of  the  uncertainty  of  the  end- 

point  when  it  was  present. 


nation  proceeds  as  before. 

The  filling  of  capillaries  is  as  follows:  tubing  of 

small  "bore  is  constricted  further,  and  "bent  at  about  a 

o 
60  angle  at  the  constriction.  One  end  of  the  tube  is 

sealed  off  at  a  suitable  distance  from  the  bend,  and  the 
other  end  is  sealed  to  a  vacuum  line.   After  being  evacuated, 
the  tube  is  sealed  off  at  a  point  which  leaves  a  symmetrical 
7-shape.  The  tip  of  the  "V"  is  put  below  the  surface  of 
a  globule  of  the  molten  metal  and  broken;  this  leaves  the 
two  tubes  terminating  in  small  capillaries  entirely  filled 
with  bright  clean  metal.  To  prevent  further  oxidation  of 
the  metal  at  the  tips,  the  capillaries  are  kept  under  oil. 

The  two  temperatures  employed  in  most  of  the  experiments 
were  the  boiling  point  of  liquid  ammonia,  and  a  temperature 
about  15  lower  (-48.5  C),  obtained  by  bubbling  dried  air 

at  a  controlled  rate  through  the  bath.  By  hand,  regulation 

o  o 

the  temperature  was  kept  constant  within  0.1  0  or  0.2  0. 

• 
Chloroform,   frozen  by  means   of    solid  carbon  dioxide  was   used 

as   a  bath  in  two   or  three  of  the   experiments,    but   its  tem- 
perature was   found  to   be  quite  inconstant,   and  because  of 

the  difficulty   of   making  a  satisfactory  constant  temperature 

o 
"bath  in  the  neighborhood  of   -70.0  C.,   work  at  the  lower 

temperature  was  abandoned,    although  on  account   of  slower 
fading  it   seemed  desirable  to  work  at   that  temperature. 


- 


Results. 


three  temperatures,    -33,5  C,    -48,5  0,    and  -70.0  0.   of  tlie 
conductivities  of  the  "blue   solutions  of   sodium  "between  con- 
centrations  of  0.4  normal  and  0.0001  normal,    and  measure- 
ments at  the  first  two  temperatures  of  potassium  solutions. 
Curves  I,    II  and  III   of  Fig.   2   show  the  specific  conductance 
as  a  function  of   the   "dilution"  Y,   and  Curves  I1,    II1   and 
III1    show  the  molecular   conductivity  /\   as  a  function  of 


is  appreciable  and  erratic.      At  -33,5  C.   the  highest  value 
for  log  k  at  log  V-4,0   (0,0001  normal)   corresponded  to  a 

molecular   conductivity  of   970,  which  is  lower  than  the  best 

1 
value  of  Kraus,-  about  1000  at  this  dilution. 

Since  the  concentrations  dealt  with  here  are  volume- 
normal,   whereas  Kraus 's  concentrations  were  weight  normal, 
a  direct  comparison  of  the  two  would  involve  a  Imowledge 
of  the  densities;   or  assuming  the  accuracy  of  the  two  sets 
of  data,    the  densities   could  be  calculated.     Unfortunately 
our  measurements  do  not   extend  into  the  most   concentrated 
blue  solutions  where  the  densities  are  most  abnormal.     A 
careful  comparison  of  two  representative  series  obtained  by 


By  "-fading"  is  meant   the  reaction  of   the  metal  with  the 
solvent  to  form  the  metal  amide. 

2 

Loc,    cit. 
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Table  I 
Conductance  of  Sodium  in  Liquid  /immonia 


-33.5    G. 


Series  I 
log  k       log  V        A 


Ho, 


Series  II 
log  k   log  7 


1 

0.198 

0.131 

2038 

1 

2.978 

0.793 

591 

1 

1.490 

0.406 

787 

2 

2.431 

1.237 

466 

3 

1.074 

O.o96 

587 

3 

2.019 

1.680 

501 

4 

8*710 

0.985 

495 

4 

3.662 

2.125 

613 

5 

2.587 

1.277 

461 

5 

3.301 

2.569 

74E 

6 

2.116 

1.561 

475 

6 

4.88E 

3.013 

786 

7 

5,877 

1.844 

526 

8 

3.657 

2.  125 

605 

9 

3.4EE 

2.419 

693 

10 

8.172 

2.708 

759 

11 

4.907 

2.996 

799 

IE 

4.653 

3.283 

8E5 

13 

4.3b4 

3.576 

852 

Series  III 


Series  IY 


No. 


log  k   log  Y 


1 

2.896 

0.849 

556 

2 

2.382 

1.295 

476 

3 

5.975 

1.739 

518 

4 

3.625 

2.182 

642 

5 

3.260 

2.625 

769 

6 

4.834 

3.068 

798 

7 

4.329 

3.511 

692 

No.   log  k   log  Y 


2.585 

1.087 

£.138 

1.530 

3.772 

1.973 

3.418 

2.416 

3.0E5 

2.859 

4.592 

3.302 

4.084 

3.745 

-48.5  C. 


No. 


Series  Y 
log  k   log  V 


1 

1.062 

0.641 

505 

E 

3.500 

1.086 

386 

3 

2.0E3 

1.531 

358 

4 

3.630 

1.984 

412 

5 

5.282 

2.427 

51E 

6 

4.910 

2.870 

603 

7 

5.472 

3.320 

620 

Series  YI 
No.   log  k   log  Y 


1 
E 
3 
4 
5 
6 


1.200 
2.616 
2.120 
3.715 
3.359 
4.975 


0.536 
0.981 
1.423 
1.873 
2.322 
2.765 


A 
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Table  I      (concluded) 
-48.5°   G. 
Series  711 
No.        log  K       log  7         lA 

1.850          0.804          451 


2 

2.310 

1.248 

361 

3 

3.8Y2 

1.694 

368 

4 

3.508 

2.139 

444 

5 

3.156 

2.584 

550 

6 

4.728 

3.028 

570 

-70.0°   0. 


Series  Till  Series  IZ 

No.       log  k       log  7        lA  No.        log  k       log  7        lA 


2.836 

0.654 

309 

1 

1.295 

0.310 

403 

2.436 

0.971 

2b6 

2 

2.679 

0.778 

287 

2.056 

1.302 

228 

3 

2.121 

1.238 

229 

3.723 

1.636 

229 

4 

3.657 

1.700 

228 

3.448 

1.963 

257 

5 

3.289 

2.162 

283 

1.168 

2.294 

290 

6 

4.933 

2.625 

362 

4.896 

2.615 

324 

7 

4.547 

3.092 

436 

£.611 

2.935 

351 

• 

£.321 

3.256 

360 

A 


A 


w  NH 


3 


1-33.5*0; 


1.0 


loo< 


20C 
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ft! 
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2.00 
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Table  H 

Conductance  of  Potassium  in  Liquid  Ammonia 
Series  I  Series  II 


log  k   log  V 


1 

£.766 

1.015 

604 

2 

2.283 

1.460 

554 

3 

3.889 

1.903 

620 

4 

3.526 

2.346 

746 

5 

3.135 

2.790 

842 

6 

5.579 

3.234 

651 

7 

5.862 

3.677 

346 

Series  III 
No.   log  k   log  7 


1 

1.315 

2 

2.731 

3 

2.245 

4 

3.860 

5 

3.500 

6 

3.100 

7 

4.647 

8 

5.103 

A 

813 
598 
542 
620 
749 
823 
805 
640 


No.   log  k   log  V 


1 

2.774 

1.015 

615 

2 

2.292 

1.458 

bb3 

3 

3.897 

1.901 

628 

4 

3.542 

2.344 

769 

5 

3.154 

2.786 

871 

6 

4.698 

3.228 

844 

7 

4.168 

3.673 

694 

Series  IV  (-48.5  C) 


No.   log  k   log  V 


2.914 

0.752 

464 

2.374 

1.197 

373 

§.929 

1.640 

371 

£.552 

2.082 

431 

3.185 

2.524 

512 

4.749 

2.967 

521 

4.329 

3.410 

549 

c 


F.q.l 


I 


KrnNH, 

1-33.5° C.  ;  IM8.5*C. 


1.0 


2.0 


3.0 


o- 
o 


1.0 


2.0 


the  tv/o  methods  showed  that  within  the  limits  of  experimental 
error,  w eight -normal  and  volume-normal  data  coincide  "between 
concentrations  of  0«4  and  0.005  normal.     Divergences  in 
solutions  more  dilute  than  0.005  normal  were  doubtless  not 
density  but  fading  effects. 

The  position  of  th©  minimum  at  all  three  temperatures 
is  at  a  concentration  of  about  0»04  normal,     fhe       values 
at  the  minimum  for  the  three  temperatures,   -33*5°0,t  ~48.5°C. 
and  -70.0°C  were  respectively  460,   560  and  235. 

Fig.  4  shows  the  results  of  four  of  the  most  satisfactory 
experiments  with  potassium.     As  noted  by  Sraus,  the  fading 
is  very  rapid  in  these  solutions,   and  the  results  are  doubt- 
less several  percent  low  even  at  0.001  normal,  BO  that  a 
"A.-fe"  plot  was  not  attempted  for  potassiam*     At  the  lowff 
temperature  the  fading  waa  less,  bat  still  much  more  rapid 
than  with  sodium  at  the  Higher  temperature. 

fhe  work  with  methylamine  coaiprised  measurements  at  two 
temperatures  of  the  conductances  of  the  blue  solutions  of 
potassium  and  of  caesium*     Sodium  is  very  slightly  soluble, 
and  lithium  also  forms  only  a  very  dilute  blue  solution.     3?he 


1 
Loe.   cit. 


Table  HT 


Conductance  of  Caesium  and  of  Caesium  Iodide  in 

Methylamine. 


No. 

1 
2 
3 
4 


No. 

1 
2 
3 
4 
5 


-53,5  C. 


Series  I 
log  k       log  V 


A 


HO. 


Series  II 
log  k       log  Y 


A 


3.556 

1.145 

50. 

5 

1 

2. 

30E 

0.527 

67. 

5 

3.160 

1.591 

56. 

4 

2 

3. 

707 

0.985 

49. 

9 

4.839 

2.035 

74. 

y 

3 

5. 

273 

1.453 

53. 

3 

4.529 

2.476 

101. 

2 

4 

5. 

926 

1.911 

68. 

8 

Series 

III 

No. 

log  k 

log  Y 

A. 

1 

3. 

048 

1. 

728 

59.7 

2 

4. 

740 

2.171 

81.5 

3 

4. 

418 

2. 

620 

109.2 

4 

4. 

087 

3. 

061 

140.7 

5 

5. 

703 

3. 

503 

159.6 

0 

-48 

.5  C 

. 

Series 

IY 

Series 

Y 

log  k 

log  Y 

A 

No. 

log  k 

log  Y 

A 

3.850 

0.708 

36. 

1 

1 

3. 

691 

0.880 

37. 

Z 

3.362 

1.163 

33. 

5 

2 

3. 

233 

1.325 

36. 

2 

3.005 

1.606 

40. 

I 

3 

4. 

897 

1.768 

46. 

3 

5.695 

2.049 

55. 

5 

4 

4. 

577 

2.212 

61. 

6 

4.386 

2.492 

75. 

5 

5 

4. 

257 

2.653 

81. 

3 

Series  YI 
log  k       log  Y 


1  4.588  2.233  66.3 

2  ?.302  2.678  95.5 

3  5.972  3.125  125.1 

4  5.612  3.569  151.8 

5  5.187  4.011  157.8 


, 
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Table  DT  (concluded) 


JNO, 


-33.5  C 

log  k   log  7 


Series  VII   (Caesium  Iodide) 


Ho. 


1 

4.797 

1.296 

12.4 

2 

4.570 

1.744 

13.0 

3 

4.022 

2.193 

16.4 

4 

5.708 

2.642 

22.4 

5 

5.430 

3.091 

33.2 

1 

4.747 

1.288 

10.8 

2 

4.326 

1.736 

11.5 

3 

5.978 

2.185 

14.6 

4 

5.670 

2.634 

20.1 

5 

5.384 

3.083 

29.3 

• 
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50 


1.0 


2.0 
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Table 


Conductance  of  Potassium  in  Methylaiaine 


-48.5  C. 


Series  I 

lo  !r   log  V    A 


lo. 


1 

4.394 

2.408 

63.4 

1 

2 

4.049 

2.869 

82.8 

2 

3 

5.721 

3.314 

108.4 

3 

4 

5.366 

3.758 

133.1 

4 

5 

6.891 

4.201 

152.1 

5 

0 

-33.5  0. 

Series 

III 

Ho. 

log   k 

log  V 

A 

So. 

1 

4.426 

2.542 

92.9 

1 

2 

4.096 

2.984 

117.5 

2 

3 

5.726 

3.427 

142.3 

3 

4 

5.303 

3.870 

149.1 

4 

Series  II 
log  k   log  V 


Series  IV 
log  k   log  V 


4.679 
5.357 
£.009 
5.640 


Ho. 

1 
E 
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Series  V 
log  k   log  V 


4.514  2.328  6^9.6 
4.250  2.773  105.5 
^.884  3.218  126.5 


A 


1 

4.592 

2.088 

47.9 

2 

4.269 

2.534 

63.6 

3 

5.940 

2.977 

82.6 

4 

5.590 

3.425 

103.6 

5 

5.229 

3.868 

125.1 
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2.586  87.7 

3.030  109.4 

3.476  130.7 
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the  oaes  of  potassium,  two  layers  form  at  -S3,  5  f*|  and  the 


concentrated  bias  lay*?  Is  near  0*01  normal.     Since 
presence  of  a  fcron*«  layer  makes  a  correct  analyeis  of  the 
hlue  layer  Impossible,  only  mall  quantities  *£  $*%$««  1«*  were 
introduced  into  the  call,  **&  the  moat  concentrated  potassium 
solution  determined  was  less  than  0*01  normal,    On  this  &*» 
count  the  analyses  were  imfcjeot  to  large  percenti^e  errors, 
fading  of  eaefeiam  aolmtion*  wae  taite  a&rlced  er«n  at  inter* 

eonnentratioM*  e»ft  ae  will  he  verified  hy  consideration 
of  the  tw^eratiire  doeffi«ient  in  a  later  paragraph,  tht  re* 
fjttltB  in  ail&te  solutions  were  found  to  he  eonaiderahly  in 
error.     ^otaGUittm  ssolutiona  were  maeh  mere  trlahle  in  taethylaiaine 
than  those  **  «o^«ima. 

?|«*  i  fihowp  the  result  R  of  0ereral  e3cperim«at*  with 
eaesiom  in  m«thylainine,  and  fig*  4  i^hows  the  results  of  five 
r*&@  with  fotamMyn,     Carve*  111  and  If  ef  Fig*  3  are  eonstr  acted 
from  0arre»  I  ant  II  ef  the  ear*®  figure,     $he  minimum  in  the 
molecular  conductivity  eHorves  occure  at  ahout  0*07  normal 
(in  swnpe  concentrated  solution  than  ia  the  east  with  «odi«m 
and  potasBiiua  in  liquid  aimonia).     At  the  mte&am  the  values 


and     otMtdLot  K  pl*tst  whieh 


ITomenclaturc  ef  Kraue  and  Brayf  fhift  Journal,  3?^  1810  (1*13)* 


the  validity  of  the  mass  law,  wore  coaistruotod,  and  led  to  tine 
following  values i 

Hotel  fcfmaee  IMP  eoaat.) 

K  IS*  £1.4  ^lO*4 

&  144  11.&X10" 

0*  18$  ituxawf4    *  *:-    -^  »«*'««a» 

a^  174         **4 


A  single  ygffl  IMMI  n\Bo  made  with  e^esiuia  iodide  in 


and  the  regfclta  of  this  ascperiiaeat  appeaar  in  fig. 
T  and  VZ*    fHe  position  of  tkese  ourree  1» 
the  8000  as  that  f of  p<rla»«iDLia  iodide  in  metfcy3jual&e  given 

and  0ioe«E*    "  A-kM  plote  for  ea^elGia  iodide  led  to 


ooast.) 
" 


4,64 


fHo  trao  taapoTatttro  ooof fiolout  1m  dilato  solatioiw  is 
of  t«a^or»taar«.     la  Table  T  of  140  rooo&t  article 


1 
Caeaima  oKLoride  wa«  found  to  bo  iaeolnblo* 

£ 

and 


for     A(i/fe5/At{iyli$g}x  100,  ant  this  <p«*ati*r  !«*#**»** 
rapidly  with  taiaperaturo*     ssvidenoe  that  the  true  teller  at  are 
ooeffieient  d(ln  lc)/dt  is  independent  of  teiaperatar*  in 
dilute  solutions  is  presented  ia  Fig*  3*     $he  three  apfe* 
points  are  values  for  leg  K  taken  from  fig*  8  at  0*004  normal, 
and  moved  along  the  leg  1  axle  until  the  value  at  ~ 
agrees*  with  that  of  Eraas.     fhe  five  lewe?  p0i«t»  are 
values  for  leg  E  Is  "dilate  solution*  ever  a  higher  range  of 


temperature*     Weight  i®  given  te  the  point*  at  the  lower 

where  the  fading  man  !»««•     4  ttt&lght  lime  so  ems 


to  %e  juetifiedv  siuoe  the  aberration  of  the  points  at  the 
higher  temperatnres  IB  la  the  direotion  to  be  eacpeoted  frtB 

At  etBoettlratioa^  near  the  tifa&mm  thert  was  evidenoe  of 
a  larger  tettgwraittre  eoeffitieat  at  t*te  higher  t«mperature  im 
the  oae«  of  both  sodiusi  a»4  potaeelam,  h«tt  Hie  ef  feet  was 
aooroely  beyond  the  limit  of  experimental  error,  and  eo&ld  not 
he  e*tafellshed  with  eerlainty. 

In  fable  T  10  a  ataumaaxjr  of  tea^eratttre  ooef  fioients  eal- 
eolated  from  the  Itg  Ic  earve8  i»  the  preeedlmg  figareet     93ie 
valaee  of  d(log  k)  were  take*  dlreetly  from  the  plots*     In  the 

1 
Loo.  elt* 


£.0 
3.0 

1*0 

2.0 

3.0 


£olr*nt      d(l»  fe)/tt 


to 


to  - 
ft 


to 
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ft 


Big 


ft 
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I 

ft 


20.9 


;:;} 


it.o 


19.8 


IT1& 


7,7 


T.T 


. 


and 


©f  $a%la  f  af$tav 

dilutions  fax  *a*1 
ira&aa  far  aaafc  solatt. 

0f  aaeslmm  in  metliylamina  Is  ^®rib«d  t0  fading*    For  a  0*001 
noiiaal  potassiom  ablution,  in  *tii*!i  tlt«  fMlng  irae  mn<sfc 

dilation  in  a  da^^iam  etlntlon  th© 
f  X10*  * 

It  has  feat; 

m^.jMif  if  t  A  t_m:mA  m     «k4T 

^PVXZJLw  AWHW  9   tl* 

«f  mast  salt*  aara 

ioaB 
of 


same.    HSyd*og«B  «aid 


a 


in  watax  and  in 


-A- 


tit*  fluidity  ana  m  and  Ic 

wll«<rta«*    «!»  irai»«  «£  m  it 
nearly  unity*     iyd#®g«n  ani  liydroasyl  ione  av*  again 


#  Da®  2i«itir*m®@*B  dax 
(f*oim«y,  2^1piig  und  Berlin* 
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Wo  ssy  rtBwwk  In  j»aa«li*g  tln*t  Hit  *ow  *«&&•  of 
eaaf  fie  loot   or?  eon£uotlHty  of  t&o£o  Ions  ssigfct  tit 

If  wo  •••mi  tfc*  00ji4uettTit3r  to  fco  te«  la  part  to 

of  a  Jtytrogoa  01?  a  t^trovyl  i0m  at  0^»-  «M  «f 
otein  of  w  at  or  molotBlcMi*  «ad  ft  *|»A^M«o«*  "btetisi  of  a 

t«*  a»  fM  t«Mr  «ft  of  *)* 


out  actaal  mlgiratioa  of  tlur  toi&i  tfcftmgh  tfe«  «olfttimt 

i 
amtfcov*    to  aooouat  fo^  th* 

of  tftwo  ooitttiow*    fort  if  wo 
saoh  oHalno  Of  wato*  n*l*oal*e  to  l^ooomo  lose  «taUo  at  tMo 
hightr  t«9«oratnr«it  tko  ttoljgmtlom  In  tM«  tffo  of  ooadftotlaa 
wo«14  e^iato^aet  tHo  liwroato  teo  to  tlio  ftlmlmlaliinf  rlseoelty 
of  tfeo  dol«ti«m»  oat  tluio  giro  an  «ta*vwUy  low  towaiiro 
eoof  ftoioat*     If  wo  MSvmo  tho  Tulo  of  KolOraauNdi  to  iuild  foxr 
mothylatimo,  tlio  ton^tvotttro  ooof  f  ioiottt  of  tHo  oottftnetivity 
of  all  a«lto  1m  this  oolTOttl  aOtiOfidLA  %o  sffroarimatolr  <H»at  ^^ 
ttat  of  oaoaivn  iotitot     Xf  tills  to  t*«o«  tho  tonporfttwro  ooof 
fiolont  of  4HmA««tiTity  of  tlio  alMIl  motn^i  In  motJiyiaaiiliao  lo 
aiW3mall|r  kiflu     flila  oomli  >jo  accounted  f  ot  tf  &  4ooroa«tA 
•oiratloa  of  tlio  olootrotti  «ltH  yloo  In  toHro«rstiur«f*  an 
liy  G-ii)*on  mud  J^$o     «*&  a  pooolllo  explanation  of 


I 

«  oit. 


in  the  eoeffloia&t  of  afcssorftion  of  these 

with  increasing  temperature. 

In  order  to  account  for  the  t*vi«tl*ft  froa  Beer1*?  fcitw  for 
the  shorter  wav*»l«ngth8  in  ablution®  of  the  alkali  metals 
In  ttethylantM*  0ihtton  sal  Argo  aestmed  the  aa»»orptloi&  at  tfe*** 

to  b«  partly  da*  t&  aaaioalsM  m*t&l#     Sl«a«  th* 
ia  Mmttoia  do  aot  ehoi?  this  deriatioa  from  Beer  »e  Law 
they  a«*im«d  the  ionisation  1m  amiaonia  to  1>*  mort  oompl»t«  thaa 
i^th^lamin**     5!h«  41e«oeiatioa  eoastazit  for  th«  mttals  im 
ie  greater  thaaa  that  ia  mtthyla3aintt  hut  tkt  dif  f  tr«»0* 


ie  haaraiy  ©ai!fiei«at  t©  aeeoant  for  th«  etviatiOBB  «fei€ih  they 
obewrtC^^Mi  AfTiation  from  Btcr*^  I>aw  may  a«?r«rthtlt»8  ht 
due  to  unionised  m«t*l»  for  th*  atoorptlem  to*  to  uaioniitt 
in  aimaoaia  may  mot  ha  1m  the  rlsihl*  @p«4rtrui&*    fM^  point  oould 
not  he  docid®4  without  a  taowlfcdg®  of  the  aheorptioa  oa^T«  in 
aaaaonia  at  other  wavelengths* 

f  e  liore  already  ia«astloaed  th«t  the  eoadaetivity  ««urre«  of 
the  metals  in  aiaa^aia  and  ia  methylaalite  are  of  the  ias&e  general 
type,  the  eoadmetirity  dimlai^lag  att  first  aeeordi^  to  the 
masse  1m  im  dilate  solatia****  heeomine  greater  than  would  be 
predicted  from  the  mm*  law  im  more  eonoeatrated  solutions, 
until  a  miniimim  in  the  eondmotlTlty  ie  re^ohed,  after  which 
the  eendaetlirity  rises  very  rapidly  a*  the  eoneentr&tlon  1» 
further  increased.     The  minimum  10  «q?i»ro^imately  the  «m&e  for 


all  the  notala  In  nay  oaa  aolYeat,  tot  ooeora  at  a 
lower  eoneeatratioa  In  ammonia  thaa  in  itethylamiae*     If 
a>  e«Bt  the  iaerea&e  la  eoadaetiTity  to  the  higher  eosoeatra- 
tlons  to  "be  due  to  the  inf  laenoa  at  free  Ions  1m  th0  nelutioa, 
which  cause  a  Alaiaatloa  in  th<j  eleotrieal  forces,-  ««y  muoh 
the  same  reason  t!i*l  am  i«^rea»e  la  tfc*  dlelwtrio  «0Btt^a* 
TTooia.  conr?«  a  Aimlaatlon  la  theee  f  or«»sf»  we  e  ho  old  erp«0t  a 
deviation  from  the  iaae»  l«w  to  oeeur  at  lower 


la  a  eolmtlsa  f^iich  In  highly  ioMset  tlma  In  erne 
leas  304    We  Ha^e  seen  that  the  metals  are  mare  Highly  ionised 
la  «aa*ala  than  in  msthylafalne  *,  lieaee  the  eoltitloas  1m  aesaoni^, 
other  things  being  etnaiy  tffeeald  allow  a  miainiiua  at  lower  eon» 

loaa  th%n  those  In  mtthylaailaet  as  is  aatnall^  OD«?  erred  • 
extreme  rapidity  of  the  toeraaaa  la  eoa&urtirlty  at  oonoen- 
tr  at  loan  heyoa4  the  miaismai  polats  to  a  rapid  dimlimtloa  la  the 
solration  of  the  el«4troa«  a*  the  fteaaea&raiioa  IB  laoreaaei^ 
fide  would  **«&  to9lnilaate  that  the  £  oroe  biMlii^  the  electron 
to  the  solTent  is  aleetrleal  la  ohaaraeter»  aad  la  dlmlalshed  la 
eoaeeixtrated  irolfttloaa  for  the  same  reaaoa  that  the  loaliatioa 
Of  the  metal,  is  increased,  -  namely  owlag  to  a  diisiaatioa  la 
the  electrical  f  oroee  due  to  tlie  presenoe  el  tree  ioas  la  the 
solution, 

A  eertala  £»ouat  of  airport  for  the  aeaai^tiea  that  the 


attraction  fe*tw«*3i  t&*  altatarim  aad  t&*  so  IT  oat  IB 
in  s&aractar  is  giYsn  fey  the  faat  that  tfc*  absorption 

in  suit&ylamlm*  otoart  a*  a  sfcortcr  waTt-l«agtfe  than  In 

i 

In  the  latter  solT«at  tkt  m«aaur<w*s*e  tf  &i%«M  Wi  Argt 

appear  to  indloat*  am  mtoMvptlon  mTi^mn  in  tJi»  infra-red. 
The  diol«otri«  «on«taat  *f  am»o«d»  is  gr«atar  than  tMt  of 


la  a^B»»i^  than  in  E*etliyl&jal»*  U  th«  binding 
«fe«ra«t«r*     2>«t«3^toati0na  of 
thium  in  rfeh^lanint  and 
a  d«t^ta.inati^m  tl  tl 

should  tte«w  ligltt  tm  this 
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